Abstract: Recent canola acreage and production in western Canada have reached record high levels. Field experiments were conducted from 2014 to 2016 on land previously seeded to continuous canola for 6 yr at three Canadian Prairie sites. We determined that more intensive seed inputs, fertilizer, fungicide, tillage, or chaff removal could increase continuous canola yields compared with a "standard practice" (SP) treatment or match yields compared with canola in rotation. Recommended or 50% higher fertility levels alone or in combination with a higher seeding rate, tillage, chaff removal, or additional fungicide were applied to the same plots in three successive years to determine effects after 1, 2, and 3 yr of treatment imposition. In continuous canola, blackleg incidence and severity were both reduced by fungicide treatment. In rotations where canola was preceded by wheat, blackleg incidence and severity were much lower than in continuous canola. None of the treatments improved continuous canola yields compared with SP after a single year of treatment imposition. In subsequent years, canola yield increases compared with SP usually occurred as a result of additional fertilizer, seed, or fungicide. In the final year, canola yield loss due to continuous canola was largely rescued by additional seed and fertilizer. Without additional inputs, and when preceded by a different crop, canola yields averaged 11% greater than the average of all continuous canola treatments. High fertility regimes generally reduced oil content and increased protein content relative to standard fertility in continuous canola or relative to canola preceded by wheat.
réduit généralement la teneur en huile et augmente la concentration de protéines comparativement à l'application de la quantité habituelle d'engrais à la monoculture du canola ou à l'assolement blé-canola. [Traduit par la Rédaction]
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Introduction
Canadian canola (Brassica napus L.) area harvested and production have reached record levels. From 2001 From to 2005 .7 million tonnes were produced on 4.4 million ha of land, whereas from 2011 to 2015, 16.4 million tonnes were produced on 8.2 million ha of land (CCC 2016a; 2016b) . Morrison et al. (2016) suggested that herbicideresistant canola hybrid adoption, increased spring precipitation, atmospheric CO 2 concentration, and the switch from conventional tillage to minimum tillage help explain these relatively recent canola yield increases. However, more land planted to canola annually over the same cropping area results in fewer years between canola crops (shorter rotations). Unpublished data from Prairie Weed Surveys indicate that the percent of Canadian Prairie acres with canola grown every second year increased from 10% in 2000 to over 40% in 2015 (J. Leeson, Agriculture and Agri-Food Canada, Saskatoon, SK, personal communication). Furthermore, over the same time period, continuous canola acres increased from 1% to 5%.
Canola yields increase when other crop species are included in rotation (Christen and Sieling 1995; Sieling et al. 1997; Johnston et al. 2005; Cathcart et al. 2006; Harker et al. 2012; O'Donovan et al. 2014) . Disease and insect damage are also lower when canola is preceded by other crops (Kutcher et al. 2011; Dosdall et al. 2012; Harker et al. 2015b ). Nevertheless, rotation trends suggest that most western Canadian growers believe economic returns under current relatively high canola prices are maximized with high-frequency canola rotations or even continuous canola. Smith et al. (2013) show that when blackleg-resistant canola hybrids are grown, a canola-wheat rotation has similar profitability to longer rotations with lower canola frequencies. Despite research indicating that long-term canola production is more sustainable when canola is grown only 1 in 3 or 1 in 4 yr (Cathcart et al. 2006; Harker et al. 2015b ), shortrotation canola remains popular, thus it is important to study agronomic attempts to resolve the negative consequences of high-frequency canola rotations. Limited research exists on this topic. Previous research has determined the impact of a few agronomic tools (cultivar resistance, rotation, and fungicides) on blackleg disease and yield under various rotations, including continuous canola .
Cultivar mixtures in space, as well as cultivar rotations over time, can mitigate negative disease and yield outcomes in continuous species "rotations". Employing multiline cultivars (Jensen 1965; Browning and Frey 1969; Mundt 2002) or simply mixing cultivars in the same growing period can improve wheat (Triticum aestivum L.) root health (Adu-Gyamfi et al. 2015) and can reduce cereal disease infestations (Priestly 1981; Smithson and Lenné 1996; Pink 2002) . Wheat cultivar mixtures may also provide yield stability (Cowger and Weisz 2008) as well as yield benefits (Sarandon and Sarandon 1995; Kiaer et al. 2009 ). Jedel et al. (1998) suggested that barley (Hordeum vulgare L.) cultivar mixtures may have crop stress tolerance advantages compared with single cultivars. In continuous barley production, barley scald [Rhynchosporium secalis (Oudem.) Davis] was significantly reduced by alternating cultivars with different disease resistance each year (Turkington et al. 2005) . Research in Australia demonstrated that rotating canola cultivars with different blackleg (Leptosphaeria maculans Ces. & De Not.) resistance genes reduced blackleg disease and associated yield losses (Marcroft et al. 2012 ; Van de Wouw et al. 2014) . However, in western Canada, where blackleg resistance backgrounds are not publically available, neither mixing cultivars within nor over years improved disease or yield outcomes in continuous canola (Harker et al. 2015a) .
Other possible strategies to rescue yield that declines under continuous canola would be to apply inputs at levels higher than "standard practice" (SP), to increase tillage, or to remove chaff. Our objective was to determine if higher fertility levels alone or in combination with a higher seeding rate, tillage, chaff removal, or additional fungicide could increase continuous canola yield compared with SP. We hypothesized that additional inputs and some nonstandard practices in continuous canola would increase yields compared with SP and would recover yields to levels similar to canola yields in rotation with other crops. Furthermore, we hypothesized that yield recovery would be greater after 2 or 3 yr of consecutive treatments.
Materials and Methods
Experiments were conducted in western Canada from 2014 to 2016 at Lacombe (52.5°N, 113.7°W) and Beaverlodge (55.2°N, 119.4°W), AB, and Brandon, MB (50.0°N, 99.9°W), on 6-yr continuous canola established from a previous study (Harker et al. 2015a) . At Beaverlodge, the soil was a grey Luvisol loam soil with a pH of 5.8 and 7.7% organic matter. Soils at Brandon (clay loam) and Lacombe (loam) were black Chernozems with 7.8 and 7.1 pH and organic matter levels of 5.4% and 9.8%, respectively. Prior to seeding, glyphosate (900 g a.e. ha ) was applied to the experimental sites to control weeds. Also before seeding, soil samples (60 cm depth for NO 3 , 15 cm depth for extractable P, K, and S) were collected at each site and analyzed for soil nutrients. On the basis of the soil analyses, fertilizer additions (N, P, K, and S) were made to canola to achieve 100% or 150% of the soil test recommendations according to yield targets and the treatment regime. Canola yield targets were 2800 kg ha −1 for Beaverlodge and 3900 kg ha −1 for Brandon and Lacombe.
Most fertilizer was side-banded at seeding 2 cm beside and 3-4 cm below the seed row; small amounts of "starter" N and P (11-51-0) were placed in the seed row. Side-banded N was urea (46-0-0) at Beaverlodge and Lacombe. At Brandon, stabilized urea was side-banded. The 50% additional N for the 150% N-P-K-S regime was polymer-coated urea (44-0-0) (Agrium, 13131 Lake Fraser Drive SE, Calgary, AB . Insecticides were applied across all plots when required in any of the plots at a particular site.
The experimental design was a randomized complete block with 14 treatments and four replications.
In addition to the 10 continuous canola treatments that included "rescue" treatments, there were four treatments with different frequencies of canola in rotation with wheat alone or wheat and pea. All phases of these rotations were not present each year due to space limitations, and were designed to have canola grown in all plots in 2016. Plot dimensions were 3.7 m × 15.2 m. Precipitation and temperature data were collected from weather stations near each experimental site.
All crops were swathed at the appropriate maturity stage and harvested later with combines. Canola plots were swathed at 60%-70% seed color change on the main raceme. Seed from each plot was cleaned and weighed. Canola seed oil and protein concentrations (8.5% moisture basis) were determined using a near infrared reflectance spectrometer (Foss Model 6500, FOSS NIRSystems, Inc., Silver Spring, MD). Additional data collection included crop density 2 wk after emergence, total in-crop post-spray weed density (including canola volunteers) at least 2 wk after herbicide application, and blackleg incidence and severity. Blackleg assessments were conducted using 50 stem base/root samples randomly collected from each plot shortly after swathing using the methods described by Harker et al. (2015a) .
Statistical analyses
Data were analyzed separately for each year with an analysis of variance (ANOVA) in the PROC GLIMMIX procedure of SAS (Littell et al. 2006; SAS Institute Inc. 2013) . Replicate effects were considered random. Given limited sites, treatment and site effects were considered fixed. Data from the 10 continuous canola treatments were used for the 2014 and 2015 analyses. Data from the 10 continuous canola treatments and four treatments with canola in rotation with other crop species were used for the 2016 analyses (two sites).
Yield and blackleg severity had normal error distributions, and consequently were analyzed with a Gaussian error distribution. The remaining variables had nonnormal error distributions, and consequently were analyzed with the following non-Gaussian error distributions (Stroup 2014) . Percentage-based data (oil and protein contents, and blackleg incidence) were divided by 100 and were analyzed with a beta error distribution. Crop, weed, and volunteer weed density data were analyzed with a Poisson error distribution. For all analyses with non-normal error distributions, a nominal amount (e.g., 0.01) was added to data to eliminate zeroes.
Exploratory analysis indicated the possibility of heterogeneous variances among sites. The corrected Akaike's information criterion (AIC) was used to confirm the benefit of modeling variance heterogeneity for all analyses. To model separate residual variance estimates for each site, the "group" option was set to "location" in the random (GLIMMIX) statements. The exception was blackleg severity for 2015, where modeling residual heterogeneity led to analysis error statements; a common residual was used for this analysis.
Means for the analyses with non-normal error distributions were back-transformed to the original data scale using an inverse link function. Preplanned contrasts were used to determine statistical differences among means or groups of means (p < 0.05).
Only contrasts relevant to specific-dependent variables are shown. Therefore, the fungicide versus no fungicide contrast is not shown for crop density as fungicides were applied after crop density was determined. Furthermore, in the high fertility versus crop rotation contrast for 2016 data, only the final three rotations were compared with high fertility treatments (we excluded the rotation with canola in 2 out of 3 yr). 
Results and Discussion

Weather patterns
Weather conditions were generally adequate for good canola growth and yield ( Fig. 1) . Very wet and cold conditions at Brandon in the spring of 2014 compromised canola establishment enough to make data from that site-year unusable. Furthermore, seeder N box calibration uncertainty at Brandon in 2015 precluded our ability to use data from that site-year. In 2016, April was much hotter than normal at Beaverlodge and Lacombe; canola grew well at Beaverlodge that year. However, the hot weather at Lacombe coupled with dry soil conditions in early spring restricted imazamox degradation (2015 application) and unexpectedly led to herbicide residues that severely injured the glyphosateresistant canola in 2016 (no useable data). The neutral pH of the soil at the Lacombe site (7.1) did not suggest potential for an imazamox carryover problem due to low soil pH (Bresnahan et al. 2002; Ball et al. 2003) . There is no herbicide cropping restriction for canola planted in the spring following labelled imazamox application in the previous year (AAF 2018).
Crop and weed population densities
Average canola density ranged from 58 to 68 plants m (Table 1) , which is in an acceptable range for optimum yields. Given 100 and 150 seed m −2 seeding rate treatments, the crop density effect was significant at all sites in all years (p ≤ 0.0218). In 2016 at Beaverlodge, the 100 F vs. 150 F contrast revealed that higher fertility reduced canola density from 63 to 51 plants m −2 . Urea placed with canola seed can reduce seedling density (Johnston et al. 2002) , but the Beaverlodge data are interesting given the fact that additional N was separated from the seed in a side-band and was in the form of polymer-coated urea, which does not usually influence canola emergence (Blackshaw et al. 2011) . There is also a possibility that additional P may have decreased canola seedling emergence (Qian and Schoenau 2010) . Dry soil conditions, which may exacerbate fertilizer-related seedling injury, were not a factor at Beaverlodge in the spring of 2016 (Fig. 1 ). There were no other consistent treatment effects on crop density. For example, average crop density relative to SP increased with tillage treatments in 2014, but decreased with tillage (150 F + Tillage) in 2016 (Table 2) . Similarly, canola density increased at Beaverlodge in 2015 in the higher fertility chaff removal treatment (150 F − Chaff), but the same treatment led to the opposite effect in 2016. The lack of consistent effects of chaff removal on canola density suggests that neither autoallelopathy (see the canola yield section below) nor inadequate chaff spreading were significant problems. Lower or higher crop densities versus SP in fungicidetreated plots are likely Type I errors as densities were determined prior to fungicide applications. Weed density was not influenced by any of the treatments in 2014 and 2015 (Table 1) . However, in 2016, treatments effects for weed density were significant at Beaverlodge. This was due to lower volunteer canola populations in tilled plots at Beaverlodge; in continuous canola, the average density of canola volunteers in tilled versus the other direct-seed plots was 33 versus 83 plants m −2 , respectively, (data not shown). Both the "All Sites" effect (p = 0.0006) and the site by treatment (S × T) interaction (p = 0.0025) effects were significant as a result of treatment effects at Beaverlodge (Table 1) . Fewer canola volunteers in tilled versus direct-seeded plots are in contrast to previous research (Harker et al. 2006 ). There was no volunteer canola in the 2016 rotation plots at Beaverlodge when directseeded canola was preceded by wheat (data not shown).
Blackleg incidence and severity
Average blackleg incidence ranged from 35% to 51%; site effects were significant (Table 1) as Beaverlodge generally had less disease than Lacombe or Brandon (Tables 3 and 4) . Blackleg severity at Lacombe, but not Beaverlodge, and site × treatment interactions became more significant as the study progressed. Fungicide contrasts for blackleg incidence and severity were significant at Lacombe in 2015 and Brandon in 2016, but not at Beaverlodge in any year. In 2015 at Lacombe, fungicide reduced average blackleg incidence from 69% to 57% and blackleg severity from 0.9 to 0.7. In 2016 at Brandon, fungicide reduced average blackleg incidence from 73% to 49% and blackleg severity from 1.4 to 0.9. It is important to note that, in this study, fungicide was applied to canola at the four-leaf stage.
Across-site trends for blackleg over time were confounded by changes in site combinations, as well as growing different varieties each year. Even though all varieties were blackleg-resistant, the genetic basis of the resistance could vary, and the pathogen population could be different at individual sites (Liban et al. 2016; Zhang et al. 2016) ; this may have affected disease responses to fungicides between sites and years. A previous experiment (Harker et al. 2015a) did not find an effect of rotating different hybrid canola varieties on blackleg disease. The authors are not aware of any evidence that hybrid canola varieties used in this study would differ in response to increased fertilizer or tillage treatments. 
Notes: Significant contrasts are denoted with asterisks (*, p < 0.05; **, p < 0.01); -, no value. a Underlined means are significantly different from the "SP (100 F)" treatment according to single degree of freedom preplanned contrasts. Abbreviations: Beav, Beaverlodge (AB); Bran, Brandon (MB); Laco, Lacombe (AB); "100 F" and "150 F", 100% and 150% fertility regimes (N, P 2 O 5 , K 2 O, S), respectively; Seed, 1.5× seeding rate; Tillage, seedbed prepared by tillage-all others were directseeded; Chaff, chaff removed before seeding; Fungicide, pyraclostrobin (100 g a.i. ha −1 at four-leaf stage); N/A, not applicable (fungicide was applied after crop density was determined).
Although blackleg incidence was relatively high at Brandon and Lacombe, blackleg severity ranged from only 0.5 to 0.7 across years (Table 1) and was usually less than 1.0 in most treatments (Table 4) . These low severity levels suggest that variety resistance to blackleg was maintained and that yield losses due to blackleg were likely limited (Newman 1984; Hwang et al. 2016) . Chaff removal at standard fertility decreased blackleg severity only once at Beaverlodge in 2014. However, blackleg carryover in canola residues is mostly associated with ascospore-releasing pseudothecia on basal stems and root pieces of canola (Gugel and Petrie 1992) , not on chaff. The highest blackleg severity value occurred in the same treatment and location that had the highest blackleg incidence (100 F + Tillage, Brandon 2016). Other significant effects also followed a pattern similar to blackleg incidence data.
High blackleg incidence in two higher fertility treatments at Beaverlodge (150 F + Seed in 2015 and 150 F in 2016) may be a result of greater blackleg susceptibility at higher N levels ), but the effect was not consistent in all higher fertility treatments. Contrasts of all 100% versus 150% fertility treatments for blackleg incidence or severity were not significant (p ≥ 0.1587) in any year or site or across all sites. Although fertility effects on blackleg incidence and severity were inconsistent, it is interesting that in the two fungicide treatments at Brandon in 2016, only the lower fertility treatments (100 F + Fungicide) had lower blackleg incidence and severity than SP (Tables 3 and 4) .
Tillage had no consistent effect on blackleg. Increased blackleg incidence and severity in some standard fertility tillage treatments (100 F + Tillage) (Beaverlodge 2015 , Brandon 2016 (Tables 3 and 4 ) may be related to tillage effects, as noted in other research (Guo et al. 2005) ; however, there was no increase in any of the 150 F + Tillage treatments. Others have also failed to find a tillage impact on blackleg disease in canola (Turkington et al. 2000; Kutcher and Malhi 2010) .
Crop rotation consistently reduced blackleg incidence and severity at Brandon in 2016 (Tables 3 and 4) . At first glance, increased blackleg in the canola-wheat-canola rotation at Beaverlodge appears difficult to explain as blackleg incidence and severity in that treatment increased relative to both continuous canola SP and the wheat-canola-canola rotation. However, this effect is likely confounded with high levels of blackleg in a previous study on the same plots, where highly susceptible 'Westar' canola was grown in 4 out of 6 yr (Harker et al. 2015a ). At Brandon, where blackleg incidence and 
Notes: Significant contrasts are denoted with asterisks (*, p < 0.05; **, p < 0.01); -, no value. a Underlined means are significantly different from the "SP (100 F)" treatment according to single degree of freedom preplanned contrasts.
b Abbreviations: Beav, Beaverlodge (AB); Bran, Brandon (MB); Laco, Lacombe (AB); "100 F" and "150 F", 100% and 150% fertility regimes (N, P 2 O 5 , K 2 O, S), respectively; Seed, 1.5× seeding rate; Tillage, seedbed prepared by tillage-all others were direct-seeded; Chaff, chaff removed before seeding; Fungicide, pyraclostrobin (100 g a.i. ha −1 at four-leaf stage).
severity were higher than Beaverlodge, the contrast between the high fertility treatments versus the last three rotations was highly significant, indicating much less blackleg when canola was not preceded by canola. Therefore, the most consistent method to reduce blackleg incidence and severity was to plant canola after wheat rather than after canola.
Canola seed yield
Average canola yields ranged from 2362 to 3081 kg ha −1 (Table 1) . A site × treatment interaction was only significant in 2015. Yields at Beaverlodge were substantially higher in 2016 than in 2014 or 2015; higher than normal mid-summer precipitation and moderate summer temperatures were ideal for canola production in 2016 (Table 5 Treatment effects on seed yield were only significant in 2015 and 2016 (Table 1) . The lack of a yield response to treatments in 2014 could be environment related or continuous canola could be more responsive to consecutive treatments imposed over several years versus a single year. The response trend may also have been confounded by different varieties and herbicide-tolerant systems that were used each year. However, at Beaverlodge, and when averaged over sites in 2014, the low versus high fertility contrast was significant (Table 5 ). Higher fertility treatments (150 F) yielded 8% or 4% greater than low fertility treatments (100 F) at Beaverlodge or across sites, respectively.
In 2015, most continuous canola yield increases compared with SP occurred as a result of additional fertilizer or fungicide (Table 5 ). Other studies have confirmed canola yield responses to N (Cutforth et al. 2009; Smith et al. 2010; Blackshaw et al. 2011; Harker et al. 2012; O'Donovan et al. 2014) or fungicides (Kutcher and Wolf 2006; Harker et al. 2012) , but those studies were not continuous canola. At Beaverlodge, yield increased relative to SP in every treatment that included a higher fertilizer rate. A contrast of all 100% versus 150% fertility treatments at Beaverlodge was highly significant; yields were 14% greater in high fertility treatments. At Lacombe, a 
higher fertilizer rate increased yields in combination with extra seed or fungicide. The across-site contrast also indicated that higher fertility increased canola yield. We have no explanation for greater yield compared with SP in the chaff removal treatment at standard fertility but not at higher fertility. Canola crop residues contain glucosinolates, which are thought to be largely responsible for allelopathic suppression of plants (Yasumoto et al. 2010; Bangarwa et al. 2011 ) including canola (autoallelopathy) (Moyer and Huang 1997; Uremis et al. 2009 ). Therefore, in situations where canola emergence is limited, it is reasonable to assume that chaff removal could improve canola yields. At Beaverlodge and Lacombe, 2015 canola yields were greater than SP in all treatments that included fungicide (Table 5 ). The across-site contrast indicated that fungicide increased canola yield by 9%. Fungicide application does not always increase canola yield Brandt et al. 2007 ). In the current study, across-site blackleg incidence and severity were higher in 2015 than 2014 or 2016 (Table 1) . It is evident that there was some blackleg resistance erosion given blackleg incidence and severity levels in the "resistant" cultivars.
In 2016, only two treatments increased continuous canola yields compared with SP (Table 5) . At Beaverlodge, extra seed at high fertility increased canola yield compared with SP. At Brandon, adding extra seed or fungicide in a higher fertility regime both increased yields. Other studies of canola rotated with other crops have reported benefits from higher than normal seeding rates on canola yield Hanson et al. 2008; Harker et al. 2012) . Across sites in 2016, additional fertilizer and seed (150 F + Seed) increased canola yield 24% over SP, and was similar to the best crop rotation yield increase. Yield benefits from additional fertilizer and seed relative to SP increased over time (3% in 2014; 22% in 2015) . One weakness of this experiment was that treatments could only be compared with rotations (which were not present in all phases each year) in 2016. Thus the benefit of extra fertilizer and seed compared with more diverse rotations is supported by limited data and should not be considered robust. The low versus high fertility contrast was significant at Brandon; yields under higher fertility were 9% higher than those at recommended fertilizer rates.
Crop rotation impacts on 2016 canola yields were also significant (Table 5) . At Brandon, all crop rotations except the wheat-canola-canola rotation led to increased yields compared with SP. At Beaverlodge, only the most diverse rotation (pea-wheat-canola) improved yields compared with SP. Canola yields are often favoured by the N and non-N benefits associated with 
Notes: Significant contrasts are denoted with asterisks (*, p < 0.05; **, p < 0.01); -, no value. a Underlined means are significantly different from the "SP (100 F)" treatment according to single degree of freedom preplanned contrasts. Abbreviations: Beav, Beaverlodge (AB); Bran, Brandon (MB); Laco, Lacombe (AB); "100 F" and "150 F", 100% and 150% fertility regimes (N, P 2 O 5 , K 2 O, S), respectively; Seed, 1.5× seeding rate; Tillage, seedbed prepared by tillage-all others were direct-seeded; Chaff, chaff removed before seeding; Fungicide, pyraclostrobin (100 g a.i. ha −1 at four-leaf stage).
previous pea crops (O'Donovan et al. 2014; Stevenson and van Kessel 1996) . Across sites, excluding the wheatcanola-canola rotation, average canola yields in rotated treatments were 11% greater than the average of all additional input continuous canola treatments. Higher yields (p = 0.0104) in the same three rotation treatments (3197 kg ha −1 ) contrasted to all continuous canola treatments in a 150% fertility regime (2913 kg ha −1 ) suggests that higher fertility regimes in continuous canola may not be as economically viable as simply rotating to other crop species. Many other studies confirm a canola yield advantage due to crop rotation (Christen and Sieling 1995; Sieling et al. 1997; Johnston et al. 2005; Cathcart et al. 2006; Harker et al. 2012; O'Donovan et al. 2014) . The economic impact of increasing inputs to rescue yield loss under continuous canola versus simple crop rotation will depend on input prices and the relative value of the crops in rotations. Smith et al. (2013) indicate that given high canola prices, returns from a canola-wheat rotation can be as high or higher than longer rotations with lower canola frequencies.
Oil and protein content
Across all years and sites, oil content averaged 43.3% (Table 1) . Average site effects were significant in 2014 and 2016, whereas treatment effects were significant at individual sites only at Brandon in 2016. Oil content generally decreases as N rate increases Malhi et al. 2007; May et al. 2010; Harker et al. 2012) (Table 6 ). Oil content decreased in one high fertility treatment in 2014 (150 F) and in several other standard and high fertility treatments in 2016. Across-site contrasts of all standard versus high fertility treatments were significant in continuous canola in all years, indicating less oil at higher fertility. In 2016, both tillage treatments at both sites reduced oil content compared with SP. We have no explanation for tillage or chaff removal effects on canola seed oil content. At Beaverlodge, lower oil content in the pea-wheat-canola rotation at normal fertility versus SP may have been due to N mineralization from pea residues. In some cases, O'Donovan et al. (2017) observed evidence of additional available N where pulse crops were grown 2 yr previous to barley. Lower oil concentration in the canola-wheat-canola rotation compared with SP (Table 6 ) weakens the pulse crop explanation. At Brandon and across sites, contrasts indicated at least 2% higher average oil content in rotations following wheat compared with high fertility treatments in continuous canola.
Protein content averaged 22.6% across all sites and years (Table 1) . In 2014, all significant increases in protein b Abbreviations: Beav, Beaverlodge (AB); Bran, Brandon (MB); Laco, Lacombe (AB); "100 F" and "150 F", 100% and 150% fertility regimes (N, P 2 O 5 , K 2 O, S), respectively; Seed, 1.5× seeding rate; Tillage, seedbed prepared by tillage-all others were direct-seeded; Chaff, chaff removed before seeding; Fungicide, pyraclostrobin (100 g a.i. ha −1 at four-leaf stage).
content compared with SP occurred in treatments at the higher levels of fertility (Table 7) . In 2015 at Lacombe, protein increases occurred in the high fertility tillage treatment; reduced protein occurred in the standard fertility chaff removal and fungicide treatments. Fungicide effects were significant in 2015; contrasts revealed that in all cases, fungicide application reduced protein content. There was no concomitant increase in oil content with fungicide application in 2015 (Table 6 ). In 2016, most protein content increases in continuous canola occurred in the 150% fertility treatments (Table 7) . Across-site contrasts of all standard versus high fertility treatments in continuous canola in all years were significant, indicating greater protein content in higher fertility treatments.
In the plots rotated to other crops, there were inconsistent treatment effects on protein content (Table 7) . At Beaverlodge, protein increased with the rotation including pea, whereas at Brandon, protein decreased for the same rotation. These different responses reflect the success of the pea crop at these sites in 2014: normal pea yields were observed at Beaverlodge whereas very poor crops were experienced at Brandon (data not shown). The corresponding N fixation and other pulse residue benefits for the following crops would therefore not be apparent at Brandon; this helps to explain the drop in protein content in that treatment in 2016. At Brandon and across sites, contrasts indicated lower protein content in rotations following wheat compared with high fertility treatments in continuous canola.
Conclusions
High fertility regime treatments generally reduced oil content and increased protein content relative to standard fertility treatments in continuous canola or relative to canola preceded by wheat. In continuous canola, blackleg incidence and severity were both reduced by fungicide treatment. However, much lower blackleg incidence occurred when canola was preceded by a different crop species. None of the additional agronomic inputs or less conventional treatments improved canola yields compared with SP after the first year of treatment imposition. In subsequent years, canola yield increases compared with SP usually occurred as a result of additional fertilizer, seed, or fungicide use, or in combinations with two of those inputs. Without additional inputs, and when preceded by another crop, canola yields averaged 11% greater than the average of all continuous canola treatments. Furthermore, significantly higher yields in the same three rotation treatments (3197 kg ha −1 ) Notes: Significant contrasts are denoted with asterisks (*, p < 0.05; **, p < 0.01); -, no value. a Underlined means are significantly different from the "SP (100 F)" treatment according to single degree of freedom preplanned contrasts.
compared with all continuous canola treatments in a 150% fertility regime (2913 kg ha −1 ) suggests that higher fertility regimes in continuous canola may not be as economically viable as simply rotating to other crop species. Yield recovery in continuous canola with higher fertilizer and seeding rates in 2016 is interesting but should be treated with caution due to limited data. There were fungicide effects on blackleg disease and canola yield in certain site-years. Further research into rescuing yield loss under continuous canola should include combinations of higher fertilizer, higher seeding rates and fungicide use, and the economics of these additional inputs should be compared with various rotations. It is a noteworthy strength that this experiment was conducted in an area planted to continuous canola for six previous years; a similar study conducted on land with less canola history could lead to different results. Response trends in this study indicate that such research should be conducted long-term on established continuous canola land.
Aside from blackleg monitoring, we did not address additional continuous canola production risks from other pests; these might well impact canola's long-term sustainability.
